Objective: To determine the prevalence, secular trends and associations of heart disease in a large unscreened, otherwise basically healthy, adolescent population. Subjects and methods: Cross-sectional study of the cardiac status of 113,694 adolescents from the northern district of Israel, who completed the profiling process between the ages of 16 and 19, including all essential measures over a 22-year period. Results of imaging were categorized as either isolated valvar or structural abnormalities, and their clinically significant subgroups defined prospectively. The findings were correlated with the socio-demographic and anthropometric data and non-cardiac health conditions. Results: Of those sent for echocardiography, 1257 (0.93% of the total population) had isolated valvar disease and 216 (0.19%) had structural abnormalities, with 20% of both groups considered significant. Females had lower prevalence of heart disease. There was peak prevalence in the second 5-year period. Tall subjects or a past history of rheumatic fever had more valvar abnormalities. Thin subjects or those with skeletal anomalies had more structural abnormalities. Significant valvar and structural anomalies were more common in subjects with learning disorders, endocrine disorders and diabetes mellitus. Fewer valvar abnormalities were diagnosed in obese subjects. Heart disease was more common in those with non-solid tumors. Conclusion: Appreciable numbers of potentially healthy adolescents were found to have heart disease. There appeared to be an association with body size, skeletal abnormalities and relatively common medical disorders, the cause of which remains to be determined in prospective studies that could change the way common adolescent disease should be followed.
Introduction
The burden of cardiac disease is very important for countries so as to facilitate health care planning, quality control and to be used as a comparison with other countries [1] . Congenital heart disease (CHD) and early acquired heart disease (EAHD) are of special importance in adolescents as they may impact their subsequent health as they age [2] , [3] . Many studies which investigated the prevalence of CHD in fetal and newborn populations found fewer subjects than in population studies of older children and adolescents [4] , [5] . Echocardiographic screening revealed a prevalence rate of approximately 3.5% for cardiac lesion in older children [6] , [7] . However, those studies reported children with specific medical conditions (such as hypertension, insulin resistant population or children with leukemia), which make it difficult to relate to a healthy adolescent population.
The prevalence of CHD is surprisingly stable in spite of statistically significant differences between countries. It has increased steadily since 1930. The birth prevalence since 1995 ranges between 1.9 and 9.3/1000 births [4] , [5] , [8] . The current lower prevalence in Africa is similar to that in the West in the early 1930s (0.6/1000 births) and is probably related to an under diagnosis. The best estimate of today's worldwide rate is 9.1/1000 births [5] .
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One may expect a change in the prevalence of heart disease between newborn screening and older children and adolescent screening as those with more severe CHD may have died and/or been replaced by EAHD patients [4] . Population screening programs from Singapore [9] and Japan [10] have investigated specific cardiac conditions: the former looked for hypertrophic cardiomyopathy and arrhythmogenic right ventricular dysplasia in male army recruits, while the latter, running since 1973, recently reported on the clinical features and prevalence rate (0.02%) of asymptomatic atrial septal defects (ASD) among 7-13-year-old school children. A large study of CHD and EAHD in Israeli army recruits described the prevalence of cardiovascular disorders in adolescent males and females [11] . Valvar and structural cardiac anomalies were estimated as 0.59% and 0.33%, respectively, with a predominance of valvar cardiac anomalies among males and no significant differences in structural cardiac anomalies between genders.
The aims of our study were to investigate prevalence, secular trends and associations of socio-demographic variables and common co-existing health conditions with possible heart disease in a large relatively healthy population of adolescents. The general non-cardiac conditions examined comprised most of the non-cardiac disease encountered among the study population [12] . While we expected to verify established relationships, more importantly, we evaluated the association between each medical condition and the cardiac anomaly group, while adjusting for the other medical conditions thereby generating a relative risk. This approach enabled us to possibly suggest inter-related effects and novel clinical associations.
Methods
Adolescents in Israel are obliged to enlist by law. The National Military Service Act requires all 17-year-old Israelis to present themselves to a local recruitment center (Appendix 1). At the end of their medical process, a medical profile and appropriate Functional Classifications Codes (FCCs) describing the medical status and its severity, are assigned to each recruit and stored in a computerized database (Appendix 2). The FCCs are similar to the International Classification of Diseases (ICD) coding, but also include an element of occupational classification [12] . Definitions of the relevant common medical conditions are described in Appendix 3. No self-reported measurements were used in this study.
All subjects who had an electronic record in the computerized medical database, from its establishment in 1987 to 2010, were included in the initial study population. The study population consisted of conscripts who were born mainly between 1970 and 1993. To ensure a uniform medical baseline, we focused on conscripts who completed the medical profiling process at the age of 16-19 years, and had valid height and weight measures. Only the northern recruitment center of Israel was chosen due to its stringent assessment and reliability of its medical data collection [12] , [13] , [14] .
Cardiac lesions were discovered in the recruitment center from either the recruit's personal history, documentation from his/her physician or by the routine and thorough medical examination by two separate clinicians. Any suggestion of cardiac pathology was then investigated by a cardiologist. Those with pathologic findings on physical examination and/or electrocardiography were referred for two-dimensional echocardiography, and where appropriate, cardiac catheterization, computed tomography or magnetic resonance imaging, all performed at certified cardiology centers which include expertise in congenital cardiac diagnosis.
Cardiac anomalies were all confirmed by echocardiographic study, and were divided into isolated valvar and structural abnormalities. Within each group, a subset of significant abnormalities was defined (Table 1) . To prevent duplicate representation in both groups, recruits with both a valvar and structural lesion were included only in the structural group as they were predominantly congenital. Significant structural heart disease mainly included those structural lesions that were hemodynamically significant so that surgical or catheter intervention was required, or the patient was symptomatic.
These include large atrial septal defect (except those successfully closed more than 2 years prior to presentation with no complications or arrhythmia), large ventricular septal defect (any chamber dilatation and/or pulmonary hypertension), transposition of great arteries, tetralogy of Fallot, and coarctation of aorta with over 30 mm Hg peak Doppler gradient, or over 20 mm Hg on catheterization.
Statistical analysis
Characteristics were described by proportions. Univariate analyses included χ 2 or Fisher's exact test to compare categorical variables between groups. For each of the four clinical cardiac groups, a multivariable backward stepwise logistic regression model was conducted to investigate the associations between demographic characteristics and clinical conditions and the outcome. Candidate variables for entrance to the model were those which were found to be associated with the outcome in the univariate analysis. The criterion for entrance into the model was a univariate probability value of p < 0.05 and p > 0.10 for removal from the model. Odds ratios (OR) and 95% confidence intervals (CI) were calculated. The statistical tests were two sided. p-Value below 0.05 was considered as statistically significant. All analyses were carried out using the SPSS version 22.0 statistical package (SPSS, Inc., Chicago, IL, USA). The Israel Defense Forces (IDF) Institutional Board and Helsinki Committee approved the study protocol on the basis of participants' anonymity.
Results
The initial study population was composed of 158,255 subjects of whom 59% were males. Of these, 116,979 conscripts completed the medical profiling process between 16 and 19 years of age. However, 3285 records lacked information of either height and/or weight and were omitted. The final study population comprised 113,694 adolescents of whom 66,569 were males and 47,125 females. The prevalence rates of valvar and structural heart disease were 0.93% and 0.37%, respectively. The prevalence rates of their significant respective subgroups were approximately 1/5, i.e. 0.19% and 0.074% of the study population.
A shared general trend in prevalence was observed for either cardiac diagnosis including congenital and acquired disease, the study population being grouped into five separate 5-year periods of the year of birth (other than 4 years at the earliest group and three in the latest) as seen in Figure 1 . This trend was common to both groups with the exception of the subset of significant structural abnormalities, in which there was an increase in the prevalence rate until the 1986-1990 period which subsequently plateaued ( Figure 1A ). These trends were observed in both males ( Figure 1B ) and females ( Figure 1B ) with higher prevalence rates among males. Inverse trends of the proportion of significant cardiac lesions were observed: the proportion of significant valvar within the valvar group declined until 1981-1985 and thereafter mildly increased, whereas the proportion of significant structural within the structural group rose until 1986-1990 followed by a minor decrease ( Figure 1A The comprehensive results of the univariate analysis are shown in the supporting Tables S1 and S2. A multivariable logistic regression model conducted for each group and its subset (but in only those which were found to be associated with the outcome in the univariate analysis) revealed 14 associations to the valvar (including its significant subset) anomalies and 14 associations to the structural (including its significant subset) abnormalities. There were five variables associated with both valvar and structural groups [gender, underweight and obesity body mass index (BMI), hematological malignancies, year of birth: 1976-1980], but only one variable associated with both significant valvar and significant structural sub-groups (gender) (graphically depicted in Figure 2 ). All valvar anomalies were positively associated with seven variables including acute rheumatic fever (ARF), hematological malignancies, underweight BMI and year of birth 1976-1980, and negatively associated with five variables including obesity, overweight BMI and female gender. All structural anomalies were positively associated with six variables including hematological malignancies, underweight BMI and year of birth 1976-1980, and negatively associated with two variables, obesity BMI and female gender. These findings show some commonalities between these two cardiac lesion groups. Significant valvar anomalies were positively associated with four variables including ARF and endocrine disorders (the latter was a unique association to this subset) and negatively associated only with female gender. Significant structural anomalies were positively associated with six variables including diabetes mellitus and learning disorders (all six being unique to this subset) and negatively associated with three variables viz. female gender, flat feet and overweight BMI (the latter two being unique to this subset). The complete results are displayed in Figure 2 .
Discussion
There are numerous databases available to address public health knowledge gaps about CHDs across the lifespan [15] . Yet, there is little information available about secular trends of cardiac anomalies in adolescent populations and about their possible associated socio-demographic factors. Even less is known about the relationship of common medical conditions to cardiac anomalies. Although there are large population-based electronic data surveys, such as from the Netherlands [16] and Canada [17] , these are not related to the individuals' parameters (socio-demographic, anthropometric, etc.) and medical conditions, and as such cannot investigate relationships. Our study is one of the first to look into these issues using an epidemiological perspective. The population of basically healthy recruits was large and detailed enough to confirm many known associations and to suggest other unknown novel, interesting and potentially important associations.
In isolated valvar cardiac disease, secular trends of prevalence rates started out high and decreased over the years. Although these findings might have been related to a decrease in the prevalence of ARF, as the disease became less prevalent in Israel over the years [18] , it was not affected in the multivariate analysis which included a history of ARF. It was also not related to the large immigration from Ethiopia or Eastern Europe.
The peak found in the 1976-1980 birth years group flattened out when the prevalence of valvar group were plotted excluding those with mitral valve prolapse (MVP). This change could be explained by the less stringent early echocardiographic criteria that were tightened up in the 1990s with a demonstrable lowering of the prevalence of MVP at that time [19] and will be discussed in a subsequent paper. The aspect of improved imaging may also have been a factor. The same trend was also noted for significant valvar disease, whereas significant structural cardiac abnormalities rose over the period of study. While valvar disease included acquired disease due to various stresses, the structural abnormalities generally reflected CHD. Thus, the rise in the prevalence of significant structural abnormalities, as demonstrated in this study, is most probably related to improved survival into adolescence as seen elsewhere [20] . Those early years saw great advances in corrective surgery for significant structural lesions. These trends were not related to changes in either personnel or procedural aspects.
We have also demonstrated differences in the prevalence of heart disease between males and females, with a higher rate of cardiac anomalies in males in both groups including those with significant lesions. Other studies have demonstrated differences between the prevalence rates of cardiac anomalies in male and female newborns, with more than double the rates in males [21] . There was a mild excess of valvar cardiac anomalies in those children of a higher birth order. It is possible that older parental age might have contributed to this effect [22] . Although in this study parental age at birth was not associated with cardiac anomalies, birth order compared the youngest child to his/her own older siblings, thus controlling for family specific genetic risk of congenital heart disease. Another interesting observation was a lower prevalence of valvar cardiac anomalies among families with more than four children. Having a child early on with cardiac problems may have influenced the parents' decision to have further children.
The difference noticed in the univariate model between residents of urban and rural areas, as well as differences in the education level, all lost statistical significance in the multivariate model. This finding is in contrast to other studies that have demonstrated differences between cardiac anomaly prevalence and rural vs. urban residence [23] .
Significant associations between cardiac anomalies and BMI groups were found. Previously, obesity and overweight BMI were independently negatively associated with cardiac anomalies, whereas underweight BMI was positively associated with cardiac anomalies, in both genders [24] . We found that underweight BMI was positively associated with valvar anomalies, while overweight BMI and obesity were negatively associated. We propose that the thinner chest of the underweight allows improved detection of softer cardiac murmurs which may lead to further investigation resulting in a higher prevalence of valvar disease. This association was suggested in the valvar group but not in those subjects with significant valvar disease which by definition had higher gradients and/or regurgitation and therefore potentially louder murmurs.
In contrast to the significant valvar lesions, which were not associated with body build, the significant structural lesions were positively and negatively associated with underweight and overweight adolescents, respectively. Similarly, structural lesions were more frequently associated in those subjects with an underweight BMI and less so in those with an obesity BMI. These observations would suggest that there may be a real relationship and not a detection bias. It would counter against the previously documented relationship between congenital heart disease and obesity [25] . The underweight BMI group might include subjects with undiagnosed syndromes such as Marfan or homocystinuria, which are associated with a higher rate of cardiac anomalies [26] , [27] . More research is needed to investigate these associations and possible mechanisms. Another perhaps related finding was the increased risk of valvar cardiac anomalies in those subjects whose height was at or above the 90th percentile. The higher risk in the tall subjects might again be related to a connective tissue disorder. ARF as expected was strongly and positively associated with valvar anomalies, confirming the known complications of the disease.
Hypertension was positively associated with structural cardiac anomalies. This relation was also found in a series investigating hypertensive youngsters [6] . Spinal deformities were also positively associated with structural cardiac anomalies. Many of these patients would have undergone a thoracotomy related to skeletal abnormalities [28] . There was a small increased number of valvar cardiac anomalies with a refractive error which may be an association with connective tissue disorders [29] .
Hematological malignancies were positively related to cardiac anomalies, both valvar and structural, but not to their respective significant subsets. The close surveillance by echocardiographic studies ensuing from the treatment protocols among affected patients [30] may lead to a detection bias of even mild cardiac anomalies and early detection of acquired disease [30] . The effect of chemotherapy, and specifically anthracyclines, is known for its cardiac toxicity, although causing valvar or myocardial abnormalities rather than structural ones. There is direct evidence that anthracyclines therapy and/or radiation to the chest may be related to mild tricuspid and mitral valve abnormalities [31] .
Learning disabilities were associated with significant structural abnormalities. It is not clear whether the association is due to structural anomalies being physiologically related to neurological deficits [32] , enhanced medical surveillance, intervention procedures and/or hospitalizations [33] . Learning disabilities in our study population were indicated by a specific set of FCCs which usually meant that the subject also had a mild neurological deficit such as an incoordination which has also been suggested by other authors [34] . This important relationship has been highlighted by the 2012 American Heart Association (AHA) scientific statement discussing this known relationship and the need to plan screening and interventions appropriately [35] .
Of interest and possible importance, albeit consisting of only isolated cases, is the novel positive association between "endocrine" (predominantly thyroid and/or growth abnormalities) disorders and significant valvar anomalies, and the positive association between diabetes mellitus and the significant structural group. These are briefly discussed in Appendix 4.
Limitations
Specific cardiac diagnoses were not separately categorized within the coding for the broad cardiac diagnostic groups. The level of severity however was defined and coded. Congenital and acquired valvar diseases were grouped together, thus differentiating between them was impossible. Screening clinicians were noncardiologists with various auscultation skills but in general over referred to the cardiologists if there was any suspicion of cardiac disease. Although considered significant in some rheumatologic diseases, we would not expect to clinically pick up trivial atrioventricular or semilunar valve regurgitation. Of the many murmurs referred to the cardiologist, only those with an abnormal murmur were referred for imaging. Also trivial regurgitation of the mitral, tricuspid or pulmonary valves was not defined as abnormal on the echocardiograms. p-Values for multiple comparisons were not corrected as this was a hypothesis generating study. The multiple regression results are labeled as to the p-value level of significance in Figure 2 . There was an ongoing improvement in echocardiographic equipment over the study period but this was of minimal significance in this study as only those suspected of heart disease on clinical grounds were sent for examination. Electro-physiologic cardiac disease and relatively rare cardiomyopathies or coronary artery abnormalities/disease were not within the scope of this work and will be described separately.
Conclusions
In summary, our large study population examining cardiac disease in basically healthy adolescents found approximately 1% to have valvar disease and about 0.2% structural abnormalities. Twenty percent of subjects within each group were considered to have significant abnormalities. Females had a lower prevalence of heart disease. There was a peak in the prevalence in the second 5-year period in all but the significant structural abnormalities which subsequently plateaued. Increased height and a past history of rheumatic fever were positively associated with isolated valvar abnormalities, while a low BMI and skeletal anomalies were positively associated with structural abnormalities. Heart disease in general was positively associated with non-solid tumor malignancies. Significant isolated valvar disease was positively associated with endocrine disorders, while significant structural abnormalities with diabetes mellitus and learning disorders. A smaller percentage of isolated valvar abnormalities were diagnosed in obese subjects.
While some associations were already known, there are many interesting findings that warrant further investigation and may support the need for an increased awareness of possible heart disease in common chronic childhood illnesses.
Implications and contribution
Important data about prevalence of valvar and structural heart disease, and insight into associations of heart anomalies with non-cardiac medical conditions is presented, providing knowledge for health planning for healthy adolescent populations, and basis for prospective studies investigating associations found with the non-cardiac medical diseases.
